Bromomaleimides are useful building blocks in synthesis and powerful reagents for the selective chemical modification of proteins. A mild new synthesis of these reagents is described, along with the convenient transferability of the approach to dithiomaleimides and bromopyridazinediones.
Bromomaleimides 1 are useful building blocks for synthesis, undergoing a diverse range of reactions including nucleophilic addition and cross-coupling. [1] [2] [3] [4] For example, dibromomaleimides have been used extensively as starting materials for the synthesis of bisaryl maleimides, as inhibitors of protein kinase C. 5, 6 Bromomaleimides have also been demonstrated as powerful reagents for the selective chemical modification of cysteine residues in peptides and proteins. [7] [8] [9] [10] [11] [12] [13] [14] [15] In this context, bromomaleimides represent the parent members of a larger class of reagents for use in bioconjugation. Varying the leaving groups on the 3 and 4 positions of the maleimide allows fine-tuning of the properties of the reagent. Notably, exchanging the bromines with thiophenols affords reagents which can be employed in the in situ bridging of disulfide bonds 13 and are tolerant to incorporation into polymers. 16 The six-membered ring analogues, bromopyridazinediones 2, offer a similar and yet distinct reactivity profile for cysteine conjugation.
17
Bromomaleimides 1 and bromopyridazinediones 2 are commonly synthesised by treating a bromomaleic anhydride 3 with an amine or hydrazine respectively and heating at reflux in AcOH to carry out the dehydrative cyclisation (Scheme 1). 8, 17 These conditions are extremely harsh, and are not suitable if the amine or Tetrahedron Letters 54 (2013) 3493-3495
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Tetrahedron Letters j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / t e t l e t hydrazine contains sensitive functionality. Furthermore, to access the dithiophenolmaleimides a subsequent step is required involving the treatment of the dibromomaleimide with thiophenol and a base. 13 The reaction of amines with N-methoxycarbonylmaleimide (5, X and Y = H) has been reported as a mild approach to synthesise maleimides. 18, 19 We report herein on our efforts towards transferring this chemistry to provide a mild and general synthesis of bromomaleimides, dithiophenolmaleimides and bromo-pyridazinediones. Treatment of dibromo-, monobromo-and dithiophenolmaleimides with methyl chloroformate and N-methylmorpholine (NMM) afforded the corresponding N-methoxycarbonyl activated species 5 in excellent yields (Table 1) . Stirring N-methoxycarbonyldibromomaleimide (6) with a range of amines at room temperature successfully afforded dibromomaleimides 7 in good yields ( Table 2, entries 1-15 ). This represents an extremely mild synthesis, and is effective for alkyl and aryl amines. It should be noted that aniline itself led to a lower yield (entry 11), due to an undetermined competing degradation pathway, but this could be precluded by substitution in the para position of the aniline (entries 12 and 13). Notable examples include: dibromomaleimide-alkyne 12 (entry 3) and dibromomaleimide-azide (entry 6), useful as heterobifunctional cross-linkers, bis-dibromomaleimide (entry 4) as a homobifunctional cross-linker, and dibromomaleimide-aryl fluorides for prospective PET imaging applications (entries 10, 14 and 15). In an analogous fashion N-methoxycarbonylbromomaleimide (8) underwent effective reaction with a number of amines to form monobromomaleimides 9 in moderate yields (entries [16] [17] [18] [19] [20] . It should be noted that the products in all these reactions are reactive conjugate acceptors, and thus no more than a stoichiometric equivalent of amine should be employed otherwise bis-addition products are observed. The dithiophenolmaleimide variants proved more challenging, and required subtle tuning of the reaction conditions. Addition of amines to activated maleimide 10 led to initial attack to form the acyclic ring-opened intermediates (i.e., cyclisation with release of methyl carbamate was not observed). Upon column chromatography of these intermediates, some cyclisation was observed, implying that the mildly acidic conditions provided by the silica could facilitate the cyclisation. Thus silica was added as a second step in the reaction, and this served to afford the desired dithiophenolmaleimides 11 (Table 3) . For simple alkyl amines and benzylamine the yields in this reaction were still disappointing (entries 5-7). In these examples, it was found that the addition of Et 3 N (1 equiv) at the start of the reaction improved the yield significantly. It could be postulated that the triethylamine was important to prevent protonation, and thus deactivation, of these more basic alkyl amines during the reaction. Finally, we attempted to transfer this approach to the synthesis of bromopyridazinediones. Thus treatment of activated dibromoand monobromomaleimides 6 and 8 with N,N 0 -diethylhydrazine was carried out. Simply stirring the reagents in CH 2 Cl 2 at room temperature led to the desired dibromopyridazinedione 12 and monobromopyridazinedione 13 in moderate yields (Scheme 2).
In conclusion, we have shown that bromomaleimides, dithiophenolmaleimides and bromopyridazinediones can all be accessed by the addition of amines to the appropriate N-methoxycarbonyl activated maleimides. The employed methods are extremely mild and provide a general route to this important class of reagents.
